Aims/hypothesis The aim of this study was to compare the efficacy and safety of once-weekly albiglutide with once-daily insulin glargine (A21Gly,B31Arg,B32Arg human insulin) in patients with type 2 diabetes inadequately controlled on metformin with or without sulfonylurea. Methods This was a randomised, open-label, multicentre (n=222), parallel-group, non-inferiority out-patient clinical trial, with 779 patients enrolled in the study. The study was conducted in 222 centres located in four countries. Patients aged ≥18 years with type 2 diabetes treated with metformin (±sulfonylurea) for at least 3 months with a baseline HbA 1c 7.0-10.0% (53.0-85.8 mmol/mol) were randomly assigned (2:1) via a computer-generated randomisation sequence with a voice response system to receive albiglutide (30 mg once a week, n=504) or insulin glargine (10 U once a day, n=241) added to current therapy. Participants and investigators were not masked to treatment assignment. Doses of each medication were adjusted on the basis of the glycaemic response. The primary endpoint was change from baseline in HbA 1c at week 52. Results In the albiglutide group, HbA 1c declined from 8.28± 0.90% (67.0±9.8 mmol/mol) (mean±SD) at baseline to 7.62± 1.12% (59.8±12.2 mmol/mol) at week 52. A similar reduction occurred in the insulin glargine group (8.36±0.95% to 7.55± 1.04% [67.9±10.4 to 59.0±11.4 mmol/mol]). The modeladjusted treatment difference of 0.11% (95% CI −0.04%, 0.27%) (1.2 mmol/mol [95% CI −0.4, 3.0 mmol/mol]) indicated non-inferiority of albiglutide to insulin glargine based on the pre-specified non-inferiority margin of 0.3% (3.3 mmol/mol, p=0.0086). Body weight increased in the insulin glargine group and decreased in the albiglutide group, with a mean treatment difference of −2.61 kg (95% CI −3.20, −2.02; p<0.0001). Documented symptomatic hypoglycaemia occurred in a higher proportion of patients in the insulin glargine group than in the albiglutide group (27.4% vs 17.5%, p=0.0377). Conclusions/interpretation Albiglutide was non-inferior to insulin glargine at reducing HbA 1c at week 52, with modest weight loss and less hypoglycaemia. Both drugs were well tolerated. Albiglutide may be considered an alternative to insulin glargine in this patient population. Trial registration: ClinicalTrials.gov NCT00838916 (completed) Funding: This study was planned and conducted by GlaxoSmithKline.
Introduction
Type 2 diabetes is a progressive disease characterised by worsening beta cell function over time. Although patients respond well to lifestyle changes and initiation of monotherapy with oral antihyperglycaemic agents (usually metformin) to control blood glucose, most of them will require higher doses and additional agents in an effort to achieve glycaemic targets [1] . Eventually, many patients will require the addition of insulin to their treatment regimen to maintain glycaemic control [2] . Long-acting, or basal insulin, which is dosed once a day and provides relatively constant blood levels over 24 h, is typically the first type of insulin added to the treatment regimen [2] . As is true with other forms of insulin, the use of basal insulin is associated with weight gain and hypoglycaemia [3, 4] . Hypoglycaemia and weight gain are factors that influence tolerability and compliance of insulin therapy in type 2 diabetes [5, 6] . Agents that lower glucose levels and lead to weight loss/weight neutrality with a low hypoglycaemic potential may be preferable alternatives to insulin. Injectable glucagonlike peptide-1 (GLP-1) receptor agonists have been shown in clinical trials to improve glycaemic control by stimulating insulin secretion in a glucose-dependent fashion, suppressing glucagon output, and inducing satiety, leading to weight loss [7, 8] .
Albiglutide (GlaxoSmithKline, Collegeville, PA, USA) is a novel, once-weekly, long-acting GLP-1 receptor agonist composed of a dipeptidyl peptidase-4 (DPP-4)-resistant GLP-1 dimer linked to recombinant human albumin. This modification extends the half-life to~5 days and allows weekly dosing [9, 10] . Limited data exist that directly compare basal insulin with non-insulin treatments for diabetes. We report the 1 year results (primary endpoint) of a 3 year phase 3 clinical study comparing weekly albiglutide with daily doses of the basal insulin, insulin glargine (A21Gly,B31Arg,B32Arg human insulin; sanofi-aventis US, Bridgewater, NJ, USA), added to the treatment regimen of patients with type 2 diabetes inadequately controlled by metformin with or without sulfonylurea (SU).
Methods
Study design This phase 3 study was a 3 year, randomised, open-label, parallel-group multicentre clinical trial designed to evaluate the efficacy and safety of weekly subcutaneous doses of albiglutide compared with daily subcutaneous doses of insulin glargine in patients with type 2 diabetes. The primary endpoint was change from baseline in HbA 1c at week 52. Patients were ≥18 years with type 2 diabetes inadequately controlled on their current regimen of metformin alone or metformin+SU. Metformin (±SU) must have been taken for at least 3 months with a stable dose of metformin ≥1,500 mg (or maximum tolerated dose) for ≥8 weeks before randomisation. Other inclusion criteria included a BMI of 20-45 kg/m 2 , baseline HbA 1c 7.0-10.0% (53.0-85.8 mmol/ mol), estimated creatinine clearance >60 ml/min, and fasting C-peptide ≥0.8 ng/ml. Important exclusion criteria included a history of cancer, treated diabetic gastroparesis, current symptomatic biliary disease or history of pancreatitis, significant gastrointestinal surgery, or recent significant cardiovascular (within 2 months) or cerebrovascular (within 1 month) events and history or family history of medullary carcinoma or multiple endocrine neoplasia type 2. Patients who met additional exclusion criteria, including elevated levels of total bilirubin, alanine aminotransferase, aspartate aminotransferase, amylase, lipase or fasting triacylglycerol, were also excluded.
The study comprised four periods: screening, 4 weeks of placebo run-in, treatment period (52 weeks of treatment to assess the primary endpoint followed by a further 104 weeks of treatment), and 8 weeks of follow-up. Patients were randomised in a 2:1 ratio to subcutaneous albiglutide 30 mg once a week or daily subcutaneous injections of insulin glargine starting at 10 U. Randomisation was by a sequestered fixed schedule (electronic supplementary material [ESM] Methods) and was stratified by HbA 1c level (<8.0% vs ≥8.0% [<63.9 vs ≥63.9 mmol/mol]), age (<65 vs ≥65 years), history of myocardial infarction (yes vs no), and current glucose-lowering treatment (metformin alone vs metformin+ SU). Patients remained on their current background glucoselowering treatment regimen throughout the trial, except that, in the event of severe or recurrent hypoglycaemia, the dose of SU could be reduced or discontinued.
After starting treatment, patients who experienced persistent hyperglycaemia qualified to undergo dose uptitration and hyperglycaemia rescue. In the albiglutide arm, the dose could be uptitrated to 50 mg once a week after week 4 based on the glycaemic criteria described in ESM Table 1 . Dose adjustments in the insulin glargine arm were made weekly based on the mean of the 2 previous day's self-monitored glucose results. The dose was increased if the fasting plasma glucose (FPG) was ≥5.6 mmol/l (100 mg/dl) provided that there was no documented hypoglycaemia in the preceding week (further details are provided in ESM Table 2 ). After uptitration, patients reaching predefined FPG or HbA 1c thresholds in either treatment arm could receive hyperglycaemic rescue therapy (i.e. the addition of further glucose-lowering medication; see ESM Tables 1 and 3 ) in addition to study medication and remain in the study. Once a patient met the predefined laboratory criteria for rescue, the choice of rescue medication was determined by the investigator (see ESM List of Study Investigators) and may have included more intensive insulin titration or the addition of other glucose-lowering medications. Use of other GLP-1 analogues as rescue was prohibited, and use of DPP-4 inhibitors was discouraged. Blood samples for albiglutide pharmacokinetic assessment were collected as described in ESM Methods.
Safety The safety population comprised all randomised patients who received at least one dose of study medication. Safety endpoints over time included evaluations of adverse events (AEs) and serious AEs (SAEs), safety events of special interest, clinical laboratory variables, vital sign measurements, ECG readings, physical examinations and immunogenicity. Blood samples for immunogenicity testing were taken at nine time points throughout the study; results will be reported separately as part of the final (3 year) study. All major adverse cardiovascular events and potential events of pancreatitis were adjudicated by an independent, blinded Clinical Endpoint Committee and Pancreatitis Adjudication Committee (PAC), respectively (see ESM Methods for PAC methods). Cardiovascular events will be reported separately as part of a metaanalysis. Hypoglycaemia severity was defined according to the ADA criteria [11] .
Statistical analysis The primary efficacy endpoint was change from baseline in HbA 1c at week 52 in the intent-to-treat (ITT) population, which included all randomised patients who received ≥1 dose of study medication and had both a baseline and ≥1 post-baseline assessments of HbA 1c . Secondary efficacy endpoints included change from baseline in FPG at week 52, changes from baseline in HbA 1c and FPG over time, time to hyperglycaemic rescue, proportion of patients achieving HbA 1c <6.5% (<47.5 mmol/mol), <7.0% (<53.0 mmol/mol) and <7.5% (<58.5 mmol/mol), change in body weight over time, and population pharmacokinetics of albiglutide.
With a planned enrolment of 225 patients in the insulin glargine group and 450 patients in the albiglutide group, the study had ≥92% power to demonstrate non-inferiority of albiglutide vs insulin glargine for HbA 1c change from baseline to week 52, assuming a non-inferiority limit of 0.3% (3.3 mmol/mol). In general, last observation carried forward (LOCF) was used for all efficacy endpoints. Patients who withdrew from the study for any reason had their last postbaseline HbA 1c observation carried forward, and patients who received hyperglycaemic rescue therapy had their latest prerescue HbA 1c level carried forward. Changes in HbA 1c from baseline to week 52 in the ITT population were analysed using an ANCOVA model, with treatment group, region, history of myocardial infarction, age category (<65 vs ≥65 years) and current diabetes therapy (metformin vs metformin+SU) as factors, and baseline HbA 1c as a continuous covariate. The difference in least squares (LS) treatment mean and its standard error were used to estimate the treatment difference and its 95% CI. Superiority of albiglutide to insulin glargine was tested if non-inferiority was established using a two-sided t test at the 0.05 significance level. FPG and weight were analysed by the same ANCOVA model as the primary endpoint. Time to hyperglycaemic rescue was assessed by Kaplan-Meier analysis and logrank tests. The proportions of patients achieving each clinically meaningful HbA 1c response were analysed by non-parametric, covariance-adjusted extended Mantel-Haenszel tests. AEs were analysed by incidence proportion and incidence density rate overall and before rescue.
Study ethics
The study protocol, protocol amendments and any other protocol-specific documents were reviewed and approved by the governing ethics committee or institutional review board before the study was begun. All patients provided informed written consent before participating in the trial. 
Results

Patient disposition
The study was conducted at 222 centres in four countries (USA, 206 sites; Russia, 3 sites; South Africa, 12 sites; UK, 1 site) between 17 February 2009 and 8 March 2013. Of 1,060 patients screened, 779 were randomised to albiglutide (n=516) or insulin glargine (n=263), and 504 and 241 patients, respectively, comprised the safety population. A total of 397 (78.8% of the safety population) patients in the albiglutide arm and 202 (83.8%) patients in the insulin glargine arm completed at least 52 weeks of the study. A detailed flow diagram of patient disposition is presented in Fig. 1 . Baseline demographic and diabetes characteristics were similar between the safety populations of the two treatment groups (Table 1) .
By week 52, the mean±SD dose of insulin glargine had increased from 10.1±3.0 U (median 10.0 U, range 2-40 U) at baseline to 35.1±25.6 U (median 30.0 U, range 3-230 U). In the albiglutide group, 67.1% of the patients had uptitrated from 30 to 50 mg by week 48. The average albiglutide dose at week 48 was 43.4 mg.
HbA 1c
In the ITT population, HbA 1c had decreased from 8.28%±0.90% (67.0±9.8 mmol/mol) at baseline to 7.62%± 1.12% (59.8±12.2 mmol/mol) at week 52 in the albiglutide group and from 8.36%±0.95% (67.9±10.4 mmol/mol) to 7.55%±1.04% (59.0±11.4 mmol/mol) in the insulin glargine group (Fig. 2a) . The model-adjusted change from baseline to week 52 was −0.67% (−7.3 mmol/mol) in the albiglutide group and −0.79% (−8.6 mmol/mol) in the insulin glargine group (Fig. 2b ). This treatment difference of 0.11% (95% CI −0.04%, 0.27%) (1.2 mmol/mol [95% CI −0.4, 3.0 mmol/ mol]) met the prespecified non-inferiority margin of 0.3% (3.3 mmol/mol), indicating non-inferiority of albiglutide to insulin glargine (p=0.0086). The magnitude of the response in the albiglutide group was not significantly different from that observed in the insulin glargine group (p=0.146).
At week 52, a similar proportion of patients in each treatment group had achieved HbA 1 c goals of <6.5% (<47.5 mmol/mol) (11.0% and 10.5%, albiglutide and insulin glargine, respectively), <7.0% (<53.0 mmol/mol) (31.6% and 32.8%) and <7.5% (<58.5 mmol/mol) (54.4% and 56.7%).
FPG The effect of treatment on FPG in the ITT population is presented in Fig. 2c . At week 52, FPG had declined by a mean 0.87 mmol/l (15.7 mg/dl) in the albiglutide group and by 2.06 mmol/l (37.1 mg/dl) in the insulin glargine group; the treatment difference was significant in favour of insulin glargine (Fig. 2d, p<0.0001 Fig. 1 ). At week 52, the most common rescue medication in both treatment groups was insulin glargine (9.5%, albiglutide group; 11.2%, insulin glargine group).
Body weight At week 52, mean body weight in the albiglutide group had declined from baseline by 1.06±3.80 kg and increased in the insulin glargine group by 1.57 ±3.81 kg (Fig. 3a) . The model-adjusted difference in LS mean was −2.61 kg ( Fig. 3b ; 95% CI −3.20, −2.02; p<0.0001).
Albiglutide population pharmacokinetics Pre-dose plasma albiglutide concentrations at weeks 8 and 24 were 1,643 ± 893 ng/ml and 2,159 ± 1,212 ng/ml, respectively. Post-dose plasma albiglutide concentrations were 1,911 ± 966 ng/ml and 2,748 ± 1,504 ng/ml, respectively. These data are being combined with data collected from three other phase 3 studies for calculation of population pharmacokinetic variables and will be reported separately.
Safety For overall safety (i.e. including data both before and after rescue therapy), there was a higher incidence of treatment-emergent AEs to week 52 in the albiglutide group than in the insulin glargine group, whereas the incidence of SAEs was similar in both treatment groups (Table 2) . Treatment-related AEs occurred with higher frequency in the albiglutide group primarily because of a higher incidence of injection-site reactions (ISRs) and gastrointestinal AEs. More albiglutide-treated patients than those treated with insulin glargine withdrew from the study because of an AE ( Table 2) . The most common AE leading to withdrawal in the albiglutide group was ISR (1.8%) followed by nausea (0.8%). Nausea occurred in more albiglutide-treated patients (9.9%) than insulin glargine-treated patients (3.7%) (Table 2), although the incidence of vomiting was similar in the two groups (3.8% and 3.7%, respectively). Six deaths occurred during the study to week 52 (three in each group), but none were deemed to be related to study treatment by the investigator. The incidence rates of AEs occurring before receiving hyperglycaemic rescue therapy were similar to the overall rate up to week 52 (80.2% and 73.4% for albiglutide and insulin glargine, respectively; ESM Table 4 ).
ISRs The incidence of investigator-identified ISRs (includes more than one event descriptor, e.g. 'injection-site reaction', 'injection-site pruritus', etc.) to week 52 was greater in the albiglutide group (n=70 patients, 13.9%) than in the insulin glargine group (n=21 patients, 8.7%). ISRs in the albiglutide group were typically characterised by localised redness and itching, whereas ISRs in the insulin glargine group were mostly associated with other symptoms and redness. Nearly all were mild or moderate in severity (99.0% in the albiglutide group and 100% in the insulin glargine group). Most patients reporting ISRs had only one or two events up to week 52 (62% in the albiglutide group and 77% in the insulin glargine group). Median duration of the ISR was 6.0 days in the albiglutide group and 8.0 days in the insulin glargine group. During the first 52 weeks of the study, 12 patients in the albiglutide group withdrew because of investigator-identified ISRs vs no patients in the insulin glargine group.
Hypoglycaemia Documented symptomatic hypoglycaemia was experienced by 17.5% of patients in the albiglutide group and by 27.4% of patients in the insulin glargine group before receiving hyperglycaemic rescue therapy up to week 52 (Table 3 ). The model-adjusted incidence rate was higher in the insulin glargine group (108.8 events per 100 person-years) than in the albiglutide group (61.4 events per 100 personyears; p=0.0377). Most pre-rescue hypoglycaemia events in both groups occurred in patients taking metformin+SU as background medication (Table 3) . Two episodes of severe hypoglycaemia occurred in each treatment group; all were in patients treated with metformin+SU. No patient withdrew from the study because of hypoglycaemia.
Pancreatitis, thyroid cancer and potential systemic allergic reactions No pancreatitis was observed in the albiglutide group. One case of suspected pancreatitis (verbatim term 'ascites') in the insulin glargine group was evaluated by the PAC during the first 52 weeks of the study and was adjudicated as 'not likely' to be pancreatitis. The patient remained in the study. No patients developed thyroid cancer. Median calcitonin levels were similar between albiglutide and insulin glargine groups at baseline and did not change by week 52 (median= 2.0 pg/ml at both time points in both groups).
No cases of angioedema or anaphylaxis occurred up to week 52.
Plasma lipid profiles, blood pressure and heart rate At baseline, the mean serum concentrations of LDL-cholesterol, HDL-cholesterol, total cholesterol and triacylglycerols were similar in the two treatment groups (ESM Table 5 ). Both groups showed similar, small reductions in LDL-cholesterol, total cholesterol and triacylglycerols and a small increase in HDL-cholesterol at week 52 (ESM Table 5 ). Table 5 ). Diastolic blood pressure had decreased in both groups at week 52 (by −0.8± 10.0 and −1.8±8.8 mmHg for albiglutide and insulin glargine, respectively). At week 52, heart rate had increased in the albiglutide group by 1.0±8.5 beats/min from 73.4±10.2 beats/min at baseline. No change in mean heart rate was observed in the insulin glargine group.
Discussion
The results of this study show that weekly albiglutide controlled hyperglycaemia up to week 52 in patients with type 2 diabetes who were inadequately controlled on metformin alone or metformin+SU. The primary efficacy endpoint of change in HbA 1c from baseline shows that albiglutide was non-inferior to insulin glargine in this patient population. A significant difference between treatments was observed for effect on body weight, with albiglutide being associated with weight loss compared with insulin glargine, which was associated with weight gain. Albiglutide was associated with a significantly lower risk of hypoglycaemia than insulin glargine. The most common AEs in the albiglutide group were nausea and ISRs, both of which occurred at higher rates than in the insulin glargine group and led to a two-threefold higher AE withdrawal rate in the albiglutide group.
This study used several design features that warrant highlighting. First, in the albiglutide group, uptitration of the dose was based on the glycaemic response of individual patients and did not occur at a prespecified (or forced) time point of the study. Therefore, the safety and efficacy responses of albiglutide reflect the pooled analysis of both the 30 and 50 mg doses. Second, the study protocol specified that hyperglycaemic rescue medication was to be used and that the patients who received rescue medication were to remain in the study on randomised study medication. It is important to note that only pre-rescue results were included in the efficacy assessments, but the safety assessment included both the preand post-rescue periods, allowing a longer period of exposure to the study medication and a longer assessment of safety. Because many type 2 diabetes treatment regimens require dose adjustments and/or additional medications, the results of this study reflect a 'real world' use of albiglutide and insulin glargine.
The efficacy results of this study with a 52 week endpoint are similar to shorter duration clinical studies with other GLP-1 receptor agonists compared with basal insulin in the treatment of type 2 diabetes in patients who were inadequately controlled with combination therapy of metformin+ SU.
Although limitations exist when comparing results from different clinical trials, the addition of exenatide (titrated to 10 μg twice daily) or insulin glargine (once daily titrated to achieve an FPG <5.6 mmol/l [100 mg/dl]) to treatment regimens of patients with type 2 diabetes produced equivalent reductions in HbA 1c (−1.11% [−12.1 mmol/mol] in each group) after 26 weeks [12] . Similarly, 26 weeks of treatment with liraglutide (titrated to 1.8 mg once daily) or insulin glargine (once daily titrated to achieve an FPG ≤5.5 mmol/l [99 mg/dl]) reduced HbA 1c by 1.33% (14.5 mmol/mol) and 1.09% (11.9 mmol/mol), respectively (p=0.0015) [13] .
When assessing the FPG data in the two arms of the present study, one must consider that insulin glargine dose adjustments were made frequently based on FPG levels, whereas in the albiglutide arm, there was only one dose increase (if required) during the study. Both FPG and postprandial glucose levels contribute to the overall glycaemic lowering effect (i.e. HbA 1c levels). While postprandial glucose was not assessed in the present study, previous data using a standardised mixed-meal tolerance test showed that albiglutide had effects on both fasting and postprandial glucose [14] .
Fear of hypoglycaemia and the potential for weight gain are two barriers to patient acceptance of insulin therapy in type 2 diabetes [5, 6, 15] . Even minor hypoglycaemic episodes may lead to a reduction in compliance with insulin therapy [5] . In the present study, there were fewer documented symptomatic and severe hypoglycaemic events in the albiglutide group than in the insulin glargine group, and albiglutide-treated patients demonstrated body weight loss, whereas weight gain was seen in the insulin glargine group. These favourable characteristics suggest that albiglutide may be an alternative choice to insulin glargine in patients who require an injectable antihyperglycaemic agent to control blood glucose.
The 1 year incidence of gastrointestinal AEs (specifically nausea, vomiting and diarrhoea) of weekly albiglutide in the present study is lower than that reported for liraglutide [16, 17] and lower or similar to shorter duration studies with onceweekly exenatide [18, 19] . Weekly dosing with GLP-1 agonists generally appears to reduce the incidence rates of these gastrointestinal AEs compared with daily or twice-daily dosing as demonstrated in two studies of 2.0 mg exenatide once weekly compared with 10.0 μg exenatide twice daily [20, 21] and in a study of 2.0 mg exenatide once weekly vs 1.8 mg liraglutide once daily [19] . The relatively low incidence rates of these gastrointestinal AEs in the present study may be an important predictor of treatment adherence. A recent study of pharmacy records of >50,000 patients who initiated treatment with twice-daily exenatide and >1,500 patients who initiated liraglutide between 2005 and 2010 found that annual adherence with treatment was low (20% for exenatide and 31% for liraglutide in 2010) and that medically treated nausea or vomiting were significantly associated with non-adherence to exenatide [22] .
Although metformin remains the preferred initial drug of choice for treatment of newly diagnosed type 2 diabetes, current treatment guidelines do not specify which class of glucose-lowering medication should be added in patients who are inadequately controlled with metformin alone [2, 23, 24] . GLP-1 receptor agonists are one of the classes that should be considered as add-on therapy in those patients in whom metformin alone or in combination with another oral agent is inadequate for hyperglycaemic control [2, 23, 24] . In addition to their ability to reduce HbA 1c , the GLP-1 receptor agonists are associated with modest loss of body weight [25] , which may be considered an advantage compared with the weight gain that is often seen with insulin therapy. In addition, the convenience of weekly dosing with albiglutide compared with daily dosing with insulin glargine may be preferred by patients.
This study has several limitations. Because of the comparison with insulin glargine, the study design was open-label. The uptitration of the albiglutide dose at various times during the study complicates the interpretation of the efficacy and safety results because patients treated with either 30 or 50 mg were pooled for these analyses. The study design was meant to reproduce a 'real world' clinical approach, and the decision was made not to use a treat-to-target paradigm, in which a Glucose Monitoring Committee directed the insulin glargine dose for individual patients. As such, the titration of insulin glargine was outlined in the protocol, and individual decisions on insulin glargine dose adjustment were made by the study investigators. Our study findings in the insulin glargine arm are consistent with other 'real world' trials that did not use a treat-to-target design [26] .
In conclusion, albiglutide was effective in lowering blood glucose as shown by the significant reduction in HbA 1c in patients with type 2 diabetes who were not well controlled on a regimen of metformin alone or in combination with SU. The HbA 1c -lowering response of albiglutide was non-inferior to insulin glargine and occurred without the weight gain and increased hypoglycaemic risk observed in the insulin glargine group. These results suggest that weekly albiglutide may be considered as an alternative to daily insulin glargine for addon therapy in this patient population.
